Structural determinants of heparin's growth inhibitory activity. Interdependence of oligosaccharide size and charge.
The glycosaminoglycan heparin inhibits the growth of several cell types in vitro including smooth muscle cells and rat cervical epithelial cells. The commercially available heparin which has antiproliferative activity is a structurally heterogeneous polymer that undergoes extensive modifications during maturation. In this report we have performed structure-function studies on heparin's antiproliferative activity using three different cell types: both rat and calf vascular aortic smooth muscle cells and rat cervical epithelial cells. The minimal oligosaccharide size requirements for antiproliferative activity were determined for the three cell types by using oligosaccharide fragments of defined length prepared by nitrous acid cleavage and gel filtration and a synthetic pentasaccharide. The size requirements are similar but not identical for the different cell types. Hexasaccharide fragments are antiproliferative for all three cell types but the synthetic pentasaccharide inhibits the growth of only the rat and calf vascular aortic smooth muscle cells. The interdependence between size and charge for antiproliferative activity was investigated using chemically modified oligosaccharides as well as oligosaccharides prepared from heparin and separated into fractions of differing charge by ion-exchange chromatography. There is a strong interdependence between size and charge for antiproliferative activity. For example, increasing the charge of inactive tetrasaccharide fragments by O-oversulfation makes them antiproliferative whereas reducing the charge of active larger fragments causes them to loose their antiproliferative activity. Finally the importance of 2-O-sulfate glucuronic acid moieties for antiproliferative activity was investigated using heparin preparations that lack 2-O-sulfate glucuronic acid. These compounds possess antiproliferative activity indicating that 2-O-sulfate glucuronic acid is not required for antiproliferative activity.